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Accorflna to iKe known cDNA ««|uence we uicd the PCR 
(po)ymoiw chain ruction) technique to Uotata • tfint eacoding humcn 
MIF from utoi\i5 endometrium TTie PCR prahKt clocw] Ift the 
Eichtrlchia coii pliamU vector pUC 19 iftd thfi micloocMe Mqueocc 
wM connrmod. We wcit able lo $ucceitfUlly tKprtu humm MIF In the 
bactcHa E^hffkhia co^T by use of the pKP 1500 expfts^OA pUimld. 
The recotnWntnt proieln acctimiUBied mtnccllultily in soluble foiin. 
comprUlng wore then 30 % of toul cell protein. Wa have deiJgned in 
original two step prxodua where ptcttln puriftcetion was accomplished 
by gel filtration and ion exchange chromogiapby. The purified 
rocombinam MIF wu usc<l to Immunise a rabbit and antibodies obained 
were used for MIF detection In human tissues by tmmunohiitoehemlcal 
techniques. 
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RBCOHBIHANT MJICROPBACE MIORATION IHHlBITORy FACTOR; 
EXPraaSIOH IN ESCHERICHIA COLI AHD PURIFICATION OF 
RECOMBINANT PROTEIN 



B ACKGROUND Of THS TNVE MTIOK 

TJ.e macrophage migratior. Ir.hitizory fBccor {Mir; v^'5s 
first :\T\chC'»:ine to be discovered. In 196c it was shcvr. thai, 
ar.-igcn stixuisted lyr.phocy-.es produced c sulucls farcer •r.sr 
inhibited tne migration cf macrophages i.n vitrc [B'.oox, E. r^. 

eer.nsc:, S. :i966l Scienco 153. 80-82 / David, J. R. i:9<j6; 
Prcc. Natl. Acac. Sci. US.--. 65, 72-->7;. kIF containinc 
supfjrr.atants of stimulated lymphocytes were sutseqcently 
shown c, alter macropnage functions ar.c enhance, the kiilinc 
micro-organisms and tumour cells (Churchill, W. K. , 
Plesser.s «. F. , Sulis, C. A. , David, J.R. (n?5J 
inmuno:. lit, 781 / Kaihan, C. F. , Karnovsky. M.L., David 
R. .1971) J. Exp. Mec, 133, 1356 / Nathan, C. F., Rem?lc, .H. 
a., David, sT. R. (1973) J. Eicp. Med. 137, 275;. MIF hai* also 
beer, shown to correlate with delayed type hyperaensicivity 
ana ceiljlar immunity (Bloom, B. R. 6 Bennett, E. :196€. 
Science 133, 80-82 / David, J. R. (1966) Prcc. Natl. Acad. 
Sci. USA 65, 72-77 / David, J. R. 4 David, R. A. (1972) Pro? . 
Allergy 16, 30O-449) MIF activity has been detecied ir. the 
synnvia o: patients with rheumatoid pclyartritis (Odlnk, K. , 
Cerletr.i, N., Bruggen, J., Clerc, R. C, Tarcsay, -., Zwad^c, 
C, Gerharda, G.. Schlegel, R. & Sorg, C. (1987) Nature 
(London) 330, 80-02), in leukocyte culture supernatants cf 
mice duriricj allograft rejection (Ai-Askari, S., David, J. R., 
Lawrence, H. S. 6 Thomas, I.. (1965) Nature (London) 2C5, 916- 
917 / Harrington, J. T. (19771 Cell. Immuncl . 30, 261-271; 
and in various chronic inflammatory loci (Bumeister, G., 
Zwadlo, G., Michels, Brocker, Z . k Sorg, C. :198<; 

Lynphoitine Res. 3, 236 (abstr.), Schlegel-Gomec, R. , 





8C:9l 96. 92 Nflf 



WO 96A)93B9 



PCT/S19S;00022 



Diepgcri, T. L. I Neumann C. . Sorg, C. :1990: Arc:;. 
Dermaioi. Res. 232, 5'?«i-37c' 

However^ a purifie:: or ;TVon«d lymuhckins was reqjirea cc 
cenorstrato -har these ^l:(=^reo marrcrhaao funrtiojis were 
ir.duce-.i cy KIT An.t ro: duy otnsr rac:or. Lev: ieve:s cf 
activiry «;:pres5ed by MoU-foil liource? proved the biocherr.ical 
c:)ar5cter:5at: ior: cc" KIT very difficul:, since ch6 native 
ni"»t:ein :i<is beer. Isolated in surf icier.: a.oiounts yet. 

Ire c'DN.-. encoding humari MIF wa? cloaed ir. CO!? cells i:i 
19G9 cy "Weiser et al-. By functiona. e::pression cloning cf 
tr:e cDN'A frcr. 7 cells a cior.-e wae ider.iifien which expressed 
a s-rcno MIF ac-ivity. Wiiser aiso stressed thai MI? is "he 
produce o: ociivacec iyrnphocytes T only, iWeiser, v:, 
Temple F\ k., Witek-Giannotti J. S., RenclJr H. G., Clarh, 
S.C. & David, J.R. (1989; free. Natl. Aciic:. Sci . USA 86, 
7S::j:-^526; • Supernatants frox COS cells ib^^rinq a 
reconDinant gene encoding human MID were shown to stimulate 
the ar.iibcdy synthesis (Weiser, W. y,, ?c2:i, L. M. , David 
J. i Titus, R. G- ;1992:. Proc. Naci. Acad, Sci. 3049- 
30h2}, Preliminary studies on Leischmanis dcnov^ni 
• ir.trace.lular parasite; infections (Weiser, Y. W, , ?Gr.ci, 
1. >:. t David J. (I99i) J. Invnunol . 147, 2006-2011) an.J 
t:.-2 -"^orions .rat icr. that MIF containing supernatants iron 
recorxinant COS cells have the aoility to activate 
macrcchages to express nitric oxide synthetase and to produce 
KO (Cunr.a, F. Q., V^eiaer w, Y., David, J- R., Moss 0. w,, 
.Moncada, S. & liew, F.Y. ;19&3) J. Imm-jnol. 15C, 3 908« -1912 / 
Liew, F. V, ,Mlilct, S. , Parkinson, C. , Faimer, n. M, J. , 
Moncada, S. :19?<0; J Irununc. 129, 35.1) indic=ited that th$ 
newly discovered (12 kDa) protein probably acts as a critical 
factor in cell mediated immune host defenc^si . Ptecentiv it 



was reported that KIT plays a central rcla in t.'ie toxir 
response to enccto>:emia and possibly toxic shock (Eernhacier., 
J., Calandra, T., Mitchell, R.A,, Martin, S, B., Tracey K., 
J., Voeiter w., Manogue K. R., Cerami, A. k Bucoia (1<?9.3) 
Nature 365, 756-75?: . MIF was isolated frcrr. ocular lens, by 
Wistcw et al- m 1993 (Wistow G, Shaughnessy, K. Lee, 



^ ... 
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D. Hodir., J. S Zelenka, P, U99*3j ?roc. Natl. Aca.i- 

Sc;. USA 90, 80<90-8Q529} ar.d a puiative MIF from rar liver 
wdb isoldted by Blocki et al . in 159'^ (Blocki, F. A,, 
Schllevert, P. M. & Wackett, L.F. (199?/ Ns-.ure 360, 26f(- 
270j . This protein :h<iL matches Ihv piirndry scrujtjre vt a 
human leukocyte Mi? (Weir, iti 2b out of 26 terrr.tna: 

axino aclcs a.vJ which has octh glutaaon^ transpnerase and 
MIF activity was shown to link chemicoi and imjt.unclcgical 
decoxiriceticn systems, Suzuki ar.d coUeaaues (Suzuki, M. , 
Murata i lanaka I. :1994^ Mel- Eicl, 235, 1141-: 113; 
rer;cTted about crystal 1 isat ion and pre! iir.inary 
crvsualir :rcpr.i= studies ol MIT ircrr hurr.ar. lymphocytes. Fron 
zhicv art. -c it can be realised that hurr.ar. MIF was expressed 
in coal and purified by affinity chromatography on the 
basis of the results of 31cck'. et al. IB'ocki, F. A., 
5c>:ievert, F. M. Keckert, L-P. Nature. 360, ?69- 

270; 

Although the focus of research and her.ce Che need for tr.is 
protein ccn.inues to sxpand ar:d despite the fact that MI" 
r'rcrr. naiuraJ sources has never been isolated in sufficient 
amcants yet and that the quantity of recombinant croteir. 
produciJ cy tissue cultures is lew, the information iocu-, 
e:%pro$sion of MIF in bacteria are very scarce. The oata aoout 
the yields are generally not reported and the purification 
procedures are only mentioned and not well described. Some 
purification procedures include affinity chrcmatography basec 
on giu-athione transferase activity of MIF. The identity of 
purified proteins, iaolat.Rd ny affinity chromatography, was 
however not checked by N-teminal amine acid sequencing 
althAugti it should be since glutathione transferase activity 
was not confirmed for human MIF and is scmetimes 
controversial. In addition, the above mentioned affir.ity 
chromatography procedure could not be specific for 
recombinant protein {bacterial proteins with glutathione 
affinity could also b© isolated) . 
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Cn ch« ocn<2r nanc, a? we Knew, :.: Mir prcccsir: is 
ronmercial::y available, although hurr.ar. cDWA is markecea by 
some companies. 

vLwi^RV or THF tk\-e:i!tion 

Th*? present inveriti'jr. relates zo ztQ cori5':ruccicr. cf a:, 
expressio;; vector fcr hurr.ar. KIF in Escherichia coli .^r:.i the 
estfiblishmeriL cf an original cptimlsca prctoccl thar enable 
'.V exrref.f and isolate iarqe amcuns cf higniy purifier and 
L^i -^io'Jiwal- y active recc.Ticincint numan MIT, Fron bO cram? o£ 
rs::omoinan- bacterial cells {wet weight) 3 grax cf highly 
purified and blolOQically active protein can be obtained. In 
th:$ way various biochemical, biophysical and physiological 
siudios cf ihiii still pocriy .nderstooc cytokine should be 
Carilit-ate^:;- MIF could nave also specific therapeutic and 
diagnosTic values. Fron this peine of view it is still more 
Important to obtain it in large quantities and in a pure, 
riclooical.y active form. 

?-rified recombinant MTF could serve cc ' produce MIF 
specific antibodies which could be used to detect MIF in 
various human '.issues by imunohistochemical method?;. We 
cieaMy demonstrated the presence of MIF in epithelial cells 
c: some saniples of human uterus endcmetrium (where it is 
probably connected with certain pathologic states), in 
epithelisl cells cf various inflammatory tissues (human and 
diilmal; and in the same cell type in allograft rejections of 
human kidney. Kidney epithelial cells were almost completely 
negative in healthy individuals. 

In this way Kir* and {on against KIT directed antibodies 
co-ld be used as diagnostic or prognostic markers. 

The present invention tr.us relates also to MTF that is 
expressed in epithelial cells. Besides its general function 
in the immunological system, the above described discoveries 
opened also the possibility that MIF acts as an important 
factor in mucosal immunity. Epithelial cell MIF coulri be a 
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serv«. as ^ chemcatr<»..t3.... mClammatioi:. In 

pcssif.V o-.her inu^une c.lU, on /^hV irs- cytokines ir. 

Irs sense ccuid serve a5 on. th. .i:s. .yl 

.ne conpiox cytckine networ': ,olecula3 (sucn as 

..ore c. tn ,,,3, ,,3eases ..ere 

IFN-Y. e-^-- stlnulatod (such as 

«::.13t / x.=osal l».T,unU/ » ^^^^^ ^,^,„,, 

'::r"cV a.;; \°nun. .i»eaae. --.a.ue o.- .r,a.. 
-.rar..-.flar.-a'.lcr,!, citeeted to p.jrlfied 

;n;>c,o:t «tr a.,u.c.die. 

confinsuc:,! us«d aa a.a,.c«it. prognosU- 
DgT^j^I^^LlL^ INVENTION 

elec'.rop.-.oresis. Vectors, sucn p pi„^. of E. coli 

.xp.e.s uhe .ecoo^inan. P _;Vi2 onUinin. a si.n.: 

cells. C-a.ers, such as pIN-HI . .? ' ^, 
sequence)- eoald be us.^- for transp.re.ng Mir u.tc 
perlplaamlc space. evnresslon due to different 

r'^Zi (and Tcorstrats, could be determined 
expression vec.ors ^^""^ ^^,,3^^ (lysates). The 

,y protein -a yses ^ as described in example 

r;i;::n:::d':r-LVa:d r^r u.. .o. .o. or pi 
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sLcfidarcrH ar.d a ror.trc: :o tcial cell lysate c: crucae extract 
of nost coJi cellr, bearing the ey.pressior. vector witr.out 
insert ) . 

A strong new band ;ccrrespondi ng \c ar. acprcxin.c tely II 
kD3 protein; oppear? at trf. expeciei position wnen £. coij 
cultures witJi reccmh:inarii pK? ISO? ciasmii, harocurinc Mir* 
insert are anaJysec. 

A.-:;oruir.9 to the resuiCS 0^ SL'S-rAGL E. ccii YM 10?^ 
rearing tne recorri^inani pKT 150C piasnid iciesigncd pMEX.' and 
e::?re33 MIF in- racellu lai 1 y coulJ i:e seiGcto-.-: fr: Irirge 
r:cd;icticri ( fe rrr.cn tut i or..- an:3 aursequG-.c pLii : icat ion 
cf tr.e crotGin. Ai. purification steps sr.o.ia oe done a: 4<K: 
:c ninin-.iae proteolysis. 3ei filtration chro:r,atcgrap'.y couid 
re used as *i first purification step. The ain c: this choice 
is :c reniove very large molecules (njclei.*: acidr auch a? 
piasnids and chromosonai DWA, high rr.olecuiar prctedn*-, etc. 

and \'ozy Etnali ones ;Euch as many bacrecidi coxins and 
pyroae.-s, cuiture medii residual ingredients, ect . ) . On the 
c:hcr hand €v*enti:al soluble rnultinieric no.erulssi, rejulted of 
-xpiopetiy folded reccmbinant protein, could bt= oUninated in 
thirf way. r'jrif ication of the product could be rroniLcred bv 
SPc-PA:;;.. and izr that produced bands at expected positions 
ac-ording to the known mol. wt. end pi standards and in the 
comparison with tho control. Fractions which are found to be 
reach in recombinant protein are pooled, concentrated and 
further purified by ion exchange chromatography. Different 
buffers at different p.H could be used at this purification 
seep. A successful approach is when IC nh! phosphate buffer 
(pH 6,4) is usee in combination with a CM-cellulose ion 
exchange column. This has also a locical e.xplanation ^iincQ 
the isoelectric point (pi) cf recomtina-t hun-.du Kir is 
approximately 7,0 and bacterial proteins are predominantly 
more acidic. By using the phosphate buffer mentioned above it 
coulc happen that the recorJbinant protein did not bind to the 
CM cellulose. In this case It is reccmmendec: to adjust the pH 
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v..ry caref-Uy c: ev«n lower -J.. f.- C.^ rv 0,> uni,:.. v.. 
e'l.Uo:. diagram of the purl f ic.io:. ry classic.: cat.cr. 
.x.hanq. chromato,r.phy or. . CM =ei:.lo3C column, uslr., 
...soha-... ourror pH 6,4, .h.w^ two r.ea;:„ only. The f.rsr one 
le-e-->nts cnoourul impurl;lc3 .w.-.hcu: ro.ccr.bir.a.-,i prcte.:.-. 
U-« sn.-:nJ one i5 highly purifie:: regret.!:! no.-.: nun.an NIF. 
Kc have succesSi'-i i , 

-,f -h- ?"e pxrjrftssior. iiasmio :on:i;ning the td- 

pro.,0-1- Vnd .rte.r.p.r3.ur. ser.sizlve cr.g::. cf reolicaticr., 
.r«v'ir. A Vigh •..as.ni.i cccy r.uTcer iit. .-cv-nej L-n.pec5ture2. 
T^e '".'6.0.1.^10301 proteir. ac=.ru:aceo intr^cel lular.y )r. 
sc. ubl5 ron., comprisinq more than 301 ot to:al cell proteir.. 
v;o -.avc. d.-3i«ned a two step procecurs where prc-ln 
purifi:aticn was accomplished by gel f i It :-<-:ior. c Sephace:-: 
G-H* and cation exchanoe chromatocrapr.v on C>5 cellu-ose 
•rTmn. 7r.. 12 k^^a proteL.n was shown to oe pure ty SDS-PAGE. 
IE- and ty HPLC. The identity of t.^e p.rlfied ?rc:eir. was 
verified by anino acid analyses and N--erminal sequer.c--.ng . 
TJ.« KJ^- ass<iiy Wis '.Jsed to measure its artivity. 1 nrsn cf 
►.igMy purified and tiologlcally active r«;;cnLut.ant hunian xir 
v.. otrvlnec frcr. 50 grama of E.coli ce.ls (wet weight.. CL 
spectra m the n«ar UV and NMR analysis confirmed an craered, 
nutiv- iiJ;c structure of purified recorrr-inant MlF. 

Du'ing developing the purification procedure attention wss 
given particularly to two problems, -irstly. isolation ot 
.olublft recombinant proteins trom wr.oie cel. lysates as 
opoosed tc isolation of xnciusion bodies or proteins iror. 
poriolasmic spac.. more laborious. It is difficult to 
remove bac-.eric.l debris by filtration or cer.-.rifugation cue 
cc high viscosity. In this case the disruption of cells oy 
Frencn Press was proved unsuccessful. If cell., are cr.ly 
partially broken by freezing ar.c thawing only, foxlowing the 
procedure described in e-xamoie problems with viscosity are 
overcomed and this represents also a f.irst purification step. 
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Trie Boccn prcr*l«rTt are cfic activiiy mfiasi;reme:ii.H . MTF assay 
is a biological test ano hence labocious, cine consuming and 
wizh lower rcproducioiliiy. On the ether hand many factor? 
(sucT. 23 •.rr.puritiec in the sanple) could c-'r.:.ributG to ihe 
resultL'i tne test, 5o the a-r'. vUy mecsurenronti^ are ncc a 
good cr.oic^ for Kir -ietectiori durir.q tr.e puril icaiio:. 
procedure* Tr.e pi of rr.«^ ryj'jnfcinanc MI" (apprc::imate]y 7,0) 
i? very different ir. ':omp£riscn tc oactcrial prcteir.i? wjnch 
are rredoninanrly acLdir (with pH values ;.^eiow 6,4;. A:-e: 
isoeiorrr;: focusinq cf cor.trcl (totrjj prntsifi ex'.racc Cl' 
. Vt-: ir^ ceils oearir.c the errpressicn v^'Cicr pKP15?C 

v/itncu-. -:.iier:: rhsra are nc bonds a: the expected posltlor. 
(p: higner :har 6,4}. This face and excelien: e.xpression cf 
ihe recomoinan: MIF permit the design nf a purlf icatior. 
procedure where ail steps could be followed o(. the basis of 
I£f analyses of fractions without activJiy measurements. 

We would like to stress that the excellen: ey.pressio.^ is 
net due o.-ily by the e.xpression vector chosen (pKF 15C0), but 
i: is als: the result of bacterial ceil cultivatior. Due to 
rul:iv3tLcr. conditions the cells could be kep: a:- Ion*; as 
needed ir. a highly repressive state regarding tnc prod-c:inr 
of roconrinar.i MIF. The way of the preparation of the Beer. 
culture could be in this case very impcrtan: sir.-f! when 
growin'5 ir. certain complex media, the cells could produce the 
reccmt^inan: protein even if they are not induced . 
l>orepression during ceil growth can have negative iivfluences 
on biomass production and hence cn the final y.^slds of 
recomolnar.t protein. 

The procedure is specially adopted for large scale 
production and purification using classical methods. However 
iL does net mean that quick purification metriods with smal- 
capaclties (such as fPLC) could not be used. If the 
concentration of endotoxins in the end product (purified MID 
is too hig:., additional purification steeps (such as reverse- 
phase chromatograpr.y; could be used. However, ^his :;3 not 
necessary if the roles cf aseptic work are rospected. 
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i'-rifiec recombinant MIF sorvcd cc proaucc k:? spccitic 
ancibr.dies which we used tc; detect MIF ir- various human 
•.issues by itr.ur.ohiszcchsxical ae-.hods. we clearly 
demonscraLeo It? presence ir. epithelial cells cf 30T.e samples 
c' human uterus er.dometrium (wnere it is ?rc^c:biv ccnr.ected 
„i-h certain oatrologic states), !' epunelia: cells of 
various ir.f larwnatory cissu.f iUmar, ar,o .r-mc- "^"^ ^y;- 

same celi type in ^-e'v r.egativ« ir. 

Kidney eol-.hellal cells were clrr.os. .onc.e.e., 

nea-thy .ncividuals . 



Con---ru^-Uon c,f_evrre^s:on vectors 



n^. r";.: : u3?; ..N. r-^. -^-^ — . 

tenpUts fcr KR "as , ^ j, ,..jltcred cells a:>a 

chs^ioe.s "Wl'^^ "icord-ng to the M..rs>-.a», i,..--ru^-.ions. 
reactions "«>^/r://,n„i;v cnromatcqraphy or, olUo « sp.r. 
„BNA was isolated by ^ rritsch, E. r. 

„;o.n, (Sancrocc Spr.n, Sartor 

«:ec.lar cloni.«. ■\'"=^^^„,,'.„,,„, i.ctr.locianate metr.oo 
Laboratory 119891. /' J fugatlc^ In a gradient of 

f.;r t:r.=tatr«;^ ::er;oAotai .sout.,, . 

The primers used were: 

c. ^-cAT'^CGAATTCATOCCGATGTTCATCGTAAACACCA 3' 
I, : 5' oGAi w^bfiiilii^ 'c the N terminus 

bold) 
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:• GTCGACAA2CTTTTAGGCG;»Ar,r,?GGWr:GTTCCA 2' 
lar.zlserise strand oligonucieotine corresponding zo the :: 
cen^-inus cf MIF ; Hind III c-tcing site underlin-d arc scoc 
ccdo."^ ■- r. tjcldl 

-n- 33.T.e priners ir. the sane VCR were jsed cc creat- Ec.-.. 
RI and Hind in cutting sites, flankinc tne codir.c region 
allowed direction^.: cloning tr.to multiple clcr.mg sites 
If r. coli vertcrs pUC l'^ '.Messing, J. (19831 Methods ir. 
En = ymolocy, Voi. ICl, pp. (Wu. R. . Gross-.an, 1. S 

Mrl.ic.ve, K., EG.;. Sar. Diego: Arademic Press', pIN-:: I-onipA. 
(.-.uorsv-aid. £. A. , Cjenenqer, -o. , Mentele, K. , Ler.:e:i, S. , 
>*^:u'rj-Kachi6id:, :. tUtschor.;, l. , Oscf..-:cric«. , H. «, Frit: 
H. .;199:). Ejr. J. Biocheir.., 20C, 131-156 / Ghrayet-, J. 
.Kimurfi. .Takanara, m. , Hsiung, H., Masui, Z. . Inouyc, 
M. •::964; EMBO J., 3 llOi, 2<3--2442; df.vi pKP 150C ',Mil:i. 
- , :oSJkochi, T.. Nagatani, H., Fururc, M.. Orlta. T.. 
Yarr.ad«, H., Imoto, T.. Horiuchl, T. :1987; Proteir. 
F.r;insering 22--332;. Oligonucleotide synt.hesis was 

carrieo out using an Applied Siosystem DNA synthesiser, 
according to the manufacturer recommendations. Tne prccucts 
were cleaved from columns and de protected by sa:;jr*iec 
aiTincr.i.jm hydro.slde and fjrcher purified Dy polyacrylarr.id- oel 
elertrophcresis . 

T.te cycling conditions for the polymerase chair; reaction 
were denaturation a: 9i°C for 1 minute, annealing at bb^C for 
1 ff."n-re a:rJ extension at ll^C for 2 minutes. 100 m1 of the 
reaction mixture contained: IC mM Tris tpH 9.4), 50 nM KCl. 
100 no cDNA (Incubated in a boiling water bath for 10 
minutes prior added to the reaction mlKturej,! jiM 
o igcnucleotice l,^ M oligonucleotide U. deoxyr.ucleotide 
trip^.osphates (dAT?," oCTP, dGTP dTTP ; 20C m M concentration 
each). ImM MgCl2, 2.5 unit.5 cf Taq polymerase (Perkin Elmer: 
; 130 Ml Of mineral oil was added on the to? to prevent 
evacoration. A total of 30 PGR cycles were carried cut in an 
PerKin Elmer thertr.o cycler. Terminal extension was allowed oy 
heatinq the PGR product at 720c for 10 minutes. Mineral oil 
was then carefully removed and following tenolisatior and 
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L Kolecular Clcnlnq: A laboratory canual; Co-c tpv.cg 

HarbV- Laboratory (1989). res.rlrclor. c;f Che aoproxJn^tel y 
400 ba.e pair fraomenc with E'-'cKi and Hind III endonuc.eas.s 

leasr five hours under standard 
was oerformec: fcr ai leab": j.- «■ « . ■ r. c 

-cndiiior.f. !Sar:brco>:. J.. Kaniauis, T. i mtscr.. E. 
Molecuior Cioninq: A laboratory manua:; Cold Serine Harbor 
Laboratorv iI985). The rearclor. mixcure was Cher, again 
^er.oP-o' DNA was ethane: prec-pitateJ, dried In i speed-v^c 
^orcen^ racer, resuspended 50 ^ c: TE buffer and purified 
... -.-.cracior. cr.romato^rapf.y (1 n... Sepnacryl spir. 

.nnc inc. E. ccl i plasmid veotcr.- «ere digested sna 
^ur-i-i in the sar:e way; escept that Sephacryl S-40C was 
ucod ir the qe\ filtration chromatography step. Inserts were 
•icated uo vectors in a n^.olar ratio 3 :1 in favour of in:5erts 
and the ligation reaction wa. perforated at '.b^: for 1^. hours 
under ctr.erwise standard conditions 

A fuorescent method for quantifying ng amuunts of 3MA was 
us-d measure the concent rat lor. cf vector and insert DNA 
:Sor.^-TOO..:. J.. Maniatls, T. s rrltscr., E. r. Molecular 
ri:;^.inc: /. iaooratory manual; Cold Sprinq Harbor Laboratory 
•19«9-.;. •. Ml cf the liqacion mixture was used to transforrr 
r col' D--'ba competent cells (Har.nahan. D. (1963) Mci. Bici. 
UC 5i--560, Hannahan. D. ',1965) Techniques on 
t.ransforTr.ation of E.coii. In: DNA cloning: a practical 
at--oach, Vol.1, ppl09-13b (Glover, D. M. Ed. J. Oxforc: IRL 
t^"-ess-. Eighteen of the resulting clones were picked up and 
ampUfied in 3 ml of LBA medium. Plasmids were then isolated 
(Oe- Sal. G.; Manfioletti G. (. Schneider C (199?) Nucleic 
;v-id Res. 16, 98-'8) and MIF positive clone.i wer* identified 
: ' reszti^i^o^^^m^m nucleotide sequence of Jour 
positive clones from three independent PCR were confirmed by 
f c dideoxy sequencing irechoc -.Sanger,. F., Nicklen. 3. & 
Coulson, A. R. 119-7) Proc. Nad. Acad. Scl. USA. 74, 
54631 -The nucleotide sequence and the deduced amino acid 
sequence of the sequenced clones are shown below 
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ATC CCG A.rG T?C ATC 0T>. XAC ACC AAC CTG '-CC OCC TCC CTU i)S 

Kci rrc Met Phe lla Vdl Asn Thr Asn V«i Pre Arc AI4 S«r V«J 
0 10 It 



90 



CCS 3AC crw; r-r r.Tr ic: ga-:; c:c Ate cag ca3 ctg ccc cag sec 

Pr-v Asp Giv t*" Clu l«u Thr Cln C.r :.eu Ma Gin Ala 

25 3: 



a:-': ^'.ij-: AAr. ccc ccc cag tac atc ccg gtc cac era cv. ceo gac ns 

Tnr C;v Ivs Pro Pr: Gin Ty: lie Aia val t^is Vd. vsi t-to A.-p 
3£ -0 <^ 

CAC etc ATC CCC TTC GCC CCC TCC ACC GAG CCG T3C GCG rCC TGC 180 
Gin Uu Mci Ala ?he Gly Gly 3er Ser CI- t^r^ cys AIj Leu Cy^ 
50 Si 60 

ACC CTG CAC ACC ATC GCC AAG ATC GCC GGC GCC CAG AAC CGC TCC ZZh 
tec lew Mif ser lit Cly Lya IJo Gly Cly c:n Asn Arg Ser 

6S ""O *J5 

TAC AGC AAC CTG CTO TCC GCC CTG CTG GCC GAG COC CTG CC< ATC 2*:0 
Tyr Sec -ya teu Uo Cys Cly L«u Leu Aia Cl-u Arg Leu A:9 He 

60 es so 

AG: CCS GAC ACG GTC TAC ATC AAC TAT TAC GAC ATC AAC CCG GCC 31 S 
s«r ?rc App Arg val T/r lie Asn Tyr Tyr Aap Msc Aen Ala Al^i 
55 100 JOS 

GTC GCC TGG AAC AAC TCC ACC 77C GCC TAA 360 
k»n Val Giy Trp Asn Asn Ser Tnr Phe Al« ' 

110 :i> 

With the exemption of one codcne only, resulting in all 
cases ir. the same amino acid changer the sequences were 
identical as reported {Weissex, w. Y., Tonplc t-". A., Witek- 
Gaar.notti J. S-, Remold H. Clarl: S.C. i :*avid J.Fv. {1999) 



C20*39bd 



cp'si 96. 92 Nnr 



PCT/S195/00022 



13 



^ • -'czi kC 75'^2-7b2c". Tnc amine icic 

r,,--U.rl<l»/,mnr. acid 
M,«ccr. c.DNf./pro..e.n!, wi . • ri.r..-,ions these ^D«A 

ci-oducts/pro-.c'.ns could e:<press. 

ECO RI ana Hi.. lU ^^^^^^ -^^^^^-^/^^r't^! 

sec and isolated Cror. gel sU.e oy 

Ur-- 7lsc oowder (vogelstein. 5. . Gillespie, D. 

adherence g-as- . 6:5-619;. Th9 m:F 

"roc. Nat.. AcacJ. S^la- J^J^ ^' 
col'-:- regxcn was ther. subcloned inio expression vectors pl.^- 

inlo^pl: an. PKP 15C0 fcUowin, t^e sa.e pz.cedur. as 
doscribed above. 



Ev prer-gic -' -^"^ purifica-lon 

rermentoclon conditions 
o^«turate<, culture of Z. coU YM 1C9 a-.ralr, (H.lle . 

'e-lre^sion pUsmid pMEX IpKP 1500 with k:f .nser. w.s 
d ocula'te a 1. i (Che.ap Lr Mcreacto 

: .aihih, 10 1 of aterue LD Proth ^/'P'"^' ^' 
.:,-.rac: and 10, of NaCl per 1 cf media) wuh 10 ml o. Sll.cor 
UlC ladded a= antl foa.in, a,eht prior to ^.toc.ov n,,^ Th. 
•ee- c-'ture was prepared by ino^u.atir, 10 |i- o. .rc-^ 
■-rcl stoc. culture Into 200 .1 =f nlr.l.a :,u.d 
:.0U.„ supplemented -Uh 100 a^:cUUr pe -U.e. 

ro"; : ; laoo^ato^v .anual: Cold ^P-- H--;;----:! 
(I9e9>) in an 500 ir.l Erlenmey«r zlas. and by culti.a.-r.o . 
2 for 36 hours with agitation on a rotatory snalcer {.«0 
'prr, Following seeding, ampicillin :100 mg per -) was adoed 
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zc ':t.e growih medion aissepl icail y. ^ormentation wds carried 
cut with conrrolied stirring (600 rpmj and aeration 
I jCl/miri; . The culture was incubated at 370c f^^r 2,3 to 
hours tuntil it iticiched zn Agoo "^'^J after whlcr. it 

was induced with IPTG {0,5g/l0 1 cu-^turo* anj cultivated for 
anothp.r tour hours under the sa.Tie conditions. 
?^ep II: Preparation of cell extract 

Four hC'Urs after inductior. with TPTG, the bioreactor was 
water coolGd to 12^C, the culture? decdntei into glass flasks 
diii ..Triediateiy criiliec nr. ice. Bacteria fron t;;« 
reixer.ti:irir. troth were harvested by cent rifuqarior. ^^ FOOOy 
a:iu 4'^*' fur I'C ninutes. A total of ^0 grams of ceil pellet 
was suspende:2 in Zoo ml of sterile water. The suflpension was 
f reeie-thawec :hree times ai:d then sonicated with ore burst 
il,b minute; in a 70 w ultrasonic ice water bath. Followinq 
centrif uaat ion at ECOO g for 2? min'Jtes at to remove 

cellular debris the supernatant was filtered trough a 
MiUipore low prcteir, binding membrane (C,2 ^n; and 
:ransf'2rrec to a 350 ml stirred ultrafiltration cell lAmiconj 
ecuipt'C-d will*. YH2 i200C mo.* wt. cur off: ir:embran-3 and 
ccncerr rated five fold at 4^C. 
Stop rii: Gci fllvranon cnromocography 

h glass column (50 mm diameter? was pacKed with Sephadex G-bO 
(bed htfight 15C0 mm) and equilibrated with buffer A {0,1 M 
Trls buffer pH 7,4; 0,2M NaCl; 1 mM EDTA) . The sample i20 ml 
cf the concentrated supernatant from step II; was carefully 
added or. the top of the gel bed and eluted with buffet A 
mentioned above. Fractions were collected automatically. The 
flow rate was 42 ml/h and the fraction volume was lA nil. The 
total procedure was performed at ^^Z and U required 
approximately 32 hours. The Sephadex G-50 fractions were 
monitored by aosorbance a; 260 nm for protein. Some fractions 
were analysed by SD5-PAGE and IE? where the protein extract 
of E. coH 1C9 cells, bearing the expression vector 

without inseri, was used as a control. A:iquo:s of fractions 
were cialysed by a mini dialysis method (francky Andrej; 
personal comnunicacion) prior to further analyses by lEF and 
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, r. ^^.-^^so .-r,-.- 3^ nir.a recombinant prctein 



ml. 



ctec IV Jo;: e.vchance chroma t0sjx:«?phy 

CK ce lose -hich ha. «er. previous., r.,.:.«a»d accord r., 
.-.,f>--j'ar instructions and susp8:id«J -r. bLire: B 

xnic. was toe,. I" I- w.e al.;vsec. a,ai.s-- 

..e c.r,.entrat,. sanp. ^,,,,„. ,,,, 

r- ^r-«- t-,e --cluxr. vas wast,si te rcnovc ur.bojnd 
" u;tp"th- absorbance at 2E0 nx was -ess thar. O.Dci 

■ :r ;;ot as evoted wit. a U.ea. NaC. ..adi.nt ,.r.erated 

T'sac- Tb. separation -as parf=r.ed a-. The e.uato ■ - 

ccl-.ct.d automatically with a flc-. rat. oC .5 nl/ 

Of 6,3 nl were collected, n.tlon was «.'.tc,r.c ;n 
Ih. s"a^e wav as d.scribec above. AH rractior.= rra, t..e 
; 0.7 ea. contained purlUed reco..U.,a,-,t Mzr. T ey were 
oooled, dlalysed against distilled water at a.^ 
-orceit-ated tc a concentration of mg per .... 
r,":"' ;-. ation. The purified protein .a. the, stored at 
rinus'ooc. So:.e sa«>les were iyophiUsed prior to storage. 



Eiec'. rcpr. oresi3 

orote'n purity and molecular weight were deterr.ined by sodiun 
d dC;; sulphite polyacylaMde electrophores:. ,S.3.PMC. o 
a Pharmacia Phast Syste:. '.sin, orefant.cated ' ' 

oradient polyacrylamlde gels and th. Sigma SDS 1 " 
-ana ■»'^«''" .containing seven protein.- >r, the 
n^OS ; 9,000 mol. -t. range,. The eroteins were 
elec;rophoresed and stained with Comassie briUiant blue 0- 
250 according tc the manufacturer instructions. 
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For ?rc--cii. analyses of whois ce r. lyaatsb. cell'J wcro 
p-.e-ea cy centrifugacion, resuspendeci ir. wa-.er and mixed 
w"i-h an equal amcun. of SDS ioadir.g buffer, tolled for b 
ninu-«< and sonicated with or.e hczsi (1 xir.utc) ir. en 
ul-rasori- water ba--h. After centrif uaacior. ;E?pendorf 
r.iorocrenrr: fuge, 1400C rpm, 10 nir.utes? the supernatant was 
diluted wl-.^ loading better when necessary and sut.-lecte:: 
rc Sr>? -FAGI. 



IsceifiC'r:;.- I reusing (ISF ) 

kr: IE: gel ,tr*icl:ness 1 nr.; wcs prepared using 'A T a:«d 5* C, 
10^ glycerol, 0,<5 % amir.oniuri persulphate and 6,661 
iharmaiytes {pH 3-10). Prefccusing was carriec out at a 
consiar.: power ol 23 W (voltage 11x1? 300 V) at 1<^Z. After 
cho ssrriples ;20-50 nl eachl, together with standards (pi 3,b 
to 9,3 P.'.armacial , were spotted on the gels, the ISJ was 
carriea c.:t &t constant power of 25 w :voltage limit 1300 V; 
fcr approxinstely 2 hours. The proteins in the gel were lixed 
L-V soo'iin^ the gel in 201 trichloroacetic acio lor 20 rr.ir.; 
stained with s solution of 0,2% Coomassle blue / 4it 

mecnanci / lOi acetic acid for 5 min and destair.ed wi:h the 
sair.e soi-r.ior. wiihout G-250. Alternatively, proteins were 
focuseJ on « Phast Gel System (Pharmacia; using precast nels, 
pH rar.ge 3 to 9. 



Determinaticn of the N-terninal amlnoa cid sequence 

The amino terninai sequence of the recomblnani protein was 
deterrrined by Edman degradation using an automated Applied 
Bicsystems (Foster City, CA) Model <77A pulsed liquid phase 
protein sequencer with an Model 120A or. line FTH amine acid 
analyser. Sequencing was performed with regular cycle 
programs and chemicals fro::\ the manufacturer. 



i20'39bd W W t^t^:9l 36. 92 NOT 



WO 96/09389 



PCT/S195/00O22 



17 



Mir bLolp3l£al_£S3ai; 

; . • -.-.^-.-i^^ of thp recombiner.: human MI" wa5 

. ^- /HaT-rinc'cn .1. T., oR- Stastf.y (-y -)! 
Karringtori et a-- iHsrrin?.^," . < » 

Inn-jnc-. ii:" (31. 752-71.9). 



percentage cf Inhifci-.K-n was derived a? follov.-..: 

101'. - IOC " (< 
oi centre] 
j7^lVer\:as considered to be significan: 



lmunoni gj:.25^^ej}igg^ methods 

re immunohistochemicai detections cf MIF we used comnercial 
kicc «r.d we followed Che ir.=truction3 cf the manufacturers, 
we used primary an-.ibodies developed agcinsi purified 
rccorJrmant numan MIF, 



THe above de^GrJ^fe^i:, e;?imple serves ;us. for iUuscraticn 
and do nc-- Umli the scope of the pre5en- invention. 
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CLAIMS 

2. 01 igc»r jcl^iOi id© primers {their seq-Joncc iu shown below} 
and oligcr.uc-eotides with other sequences, characterised by 
L:iy ability to enable amcliflcatio:: of the nuclecilde- 
sequence, encodinc human MIF by pclynerase chai^ rfiac-.ion and 
S'jbSGquei.c cloning of the PCn produc: in differsr.t vectors. 

I . : b' GG/.TCCGAArTa^TGCCGATG7TCA7C0TAA.t.CACCA 3 ' 
1.,: G7C5ACAAGCTTTTAGGCG,^AGGTGGAG7TGTTCCA 3* 
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2. The e.xpression vector construct pMEX, characterised by 
iricljdinc the below presented nuclectice sequence, encodinq 
hcmar: MIF or by including o::her nuciectide sequences, 
encocir.q other proteins which are not different in mors than 
r.wenty aniiric acids from the sequence describee oslow and cnat 
all sequences nenticned are integrated inio a vector on rhe 
wc»y shown or* fig. 1- 

ATG CCC ATG TTC ATC CTA AAC ACC AAC GTG CCC CGC GCC tZC. GTG <b 
M51 Pro Mat Pho lie V«i Asn Thr Aan Val Frc Arg Aid Ser Val 
S 10 U 

ZZC CAC GGG ?TC CTC TCC GAG CTC ACC CAS CAG CTS i^C CAC CCC 00 
Pro Asp Giy Pne Leu Ser Clu Leu Thr Gin Glr. Leu Ala Gin Al* 
3G 2b 30 

ACC CCC AAG CCC CCC CAG TAC ATC CCG GTG CAC GTG GTC CCG CAC :35 
Tir 01 y lyn Pro Pro cln Tyr n« Ala Vai His Vol Pro Asp 
3b 40 <5 

CAG CTC ATG GCC TTC CGC CGC TCC ACC GAG CCC TCC GCG CTC TGC 180 
Cln Leu Mot Alo Phc Gly Cly Oer 3«r Glu Pro Cya Ai« wflu Cy5 

S5 
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ACC CTC CAC ACC MC GCC AAC AtC fiGC CCC CAC ftAC COC TCr 
ser Le« Kis S«» :i« Cly IV» S»y ^ 
« 



TAC AOC AAC CTG CTC: TSC OCC CTC CrO 5C= GAG CGC CTU COC Al^C 
Tvt S« lys Uu >o CVS Cly l-^J W« Siu Ax? Atq 

80 85 " 



:7c 



AGCr •.•CC GAC AGO CTC TAC ATC A.O TAT TAC 5AC A7f. AAC GCC 5CC 
Se- Pre AT- ftr, Va'. Tyt He A.r. Ty: Ty: Asr »*' A.<n Al. Al. 

100 10!- 



315 



AA? CTC G=C TC6 AAC AAC TCC ACC T7C 3CC TAA 
Aan Vol Gly Trp A»n AM str Thr Phe Ala * 



360 



3 -^he procedure of recombinant £. coii cuiavdcio;. 

-hara-reri-^ed by such a combination of expression vecicr, 
^a.-r^rlal hos: strain and cultivation conditions -.hat 
;-eccmblna:r. MIF is produced in soluble forr, ir. tho 
heterologous systero of Escherichia C0I2 



4 



n.e procedure of isolation and purification of 
roccmbinant MIF O.aracterised by the combination of following 

rnschods - 

a. ) the method for bacterial cell disruption by freezinq 

and thawing only 

b. ) two s'tep purification protocol where gel fil-.ration 

and ion exchange cnroir.atography are included 

c ' the method for HIF quantificatlcn/es-lmatlon during 
..he purification procedure on the basis of lEF, SDS-PAGE. 
Western blotting cr ELISA analysis 
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b. I::e beiow presenteo nucleoside sezuenoe characterised oy 
er.ccdi'g human MI? in tr.e epitneliai ceils of different 
tissues, .like ir. epitnelia. cel:s c: tr.e humar. uterus 
en30.met rium. 



A.T5 u-:-.o ATy ?7r Air c?« w>c n" W.C 5t; c:r cv: ccc rcc 3t» 4i 

-ic rcc CM' "•!•.• AVC CA'.. (.//i '.•'.•J CCC CAC CCC 9C 

ACC C3C AXC CC: CCC CAC TAC ATC CCS CT5 CAC CTC CtC CCC ?WC 135 

CAC CTC ATC CCC TTC GCC CCC TCC ASC 5A2 CCC TGC GCG CTC ICC IBC 

AK C:C. CAC AGC ATC CCC AAC ATC CCC CCC KQ CM AAC CCC TCC 221 

TAC ACC AAC STO «« TCC CCC C?S CTC CCC SAC CCC CTC CCC ATC 2H} 

ACC CCC 6A: AGC GTC TAC ATC AAC TAT TAC GAC ATC AAC CCS GCC 31i 
AAT CTC CCC TSG AAC AAC TCC ACC TTC GCC TAA 

6. The rcconbinant protein. chara-.-Lerlsec by the below 
presented amino acid sequence or other amino acid sequences 
that do r.c: differ In more than twenty amino acids from the 
sequence- shown below and which is obtained on the way 
described (related to tne points 3 and 4) or on any other 
similar manner and its cnerapeuti riJ agnostic and any other 
uses which, ara not tgt scientific purposes only. 
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06-26-1996 17:12 P. 04 



W096;a93B9 PCT/SU)5/000« 



21 



r-i> K«t Phr ;> Vul Aon Tin At#n V^l Pro Arp Ai* 5«r Val 
B 10 1^ 



yrc As;. CUy Phe Set ';iu Uu Tnr C^lr. Sin AU Sir. aIm 
2U ' 30 

?-r 'Jiy lys ?r» trc Clr Tyr n« Ala val His Val VaI Pre Aep 
35 . 40 4£ 

Oin lou MOt Ala r-hc cly c:y &rr Scr Clu P:: Cv4 Ala Lev: Cy» 
bC ^5 

3*: L-eu Ilia Ser He Oly Lys Ue Sly Gly A:a Gift A?n Ar; £er 
6i 70 7b 

Tit 5er Lys Leu Cy» Oly Leu Leu Ala Gli: Arp bej Ar; n» 

30 ^'-^ 

:.er tro A&P Ar9 V»l lyr lie Aan Tyr Tyr Aap Met Asn Ai* AU 
A>n Va; Giy Trp Arn Asn Sar Thr Phf Ala * 

no lis 



V. An-ibccies ipoLiclcnal or monoclonal) which are prepared 
by use cf the recombinant MIF {related the poin- c) and 
their :r.erapGutic, diagnostic and any o--her uses that are not 
for scientific purposes only. 
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IT^] Vol'r 1S89 WASHINGTON US. 

STSiSwIt AL 'Molecular Cloning 
of a cDNA encoding a human Macrophage 
Migration Inhibitory Factor 
cited in the application 
{«e the whole document 

PROCEEDINGS OF THE NATIONAL ACADEMY OF 

ITI^, Zyl^er 1993 WASHINGTON US, 
pages 10056- 1G06Q, , . ^ 

TOSHIFUMI MIKAYAHA ET AL 'Molecular 
cloning and functional efP'*"^??" .^I * 
cONA encoding glycosylation-inhibiting 

factor' 

see the whole document 

W0.A.92 19727 (NATIONAL INSTITUTES OF 
HEALTH) 12 November 1992 
see page 11 • page 13 

JOURNAL OF MOLECULAR BIOLOGY, 
vol. 235. no, 3, March 1994 

HAM0RU^SU2Uk"^ET AL ' Crystal! 1 rati on 
^ a preliminary X-ray diffraction stydy 
of Macrophage Migration Inhibitory Factor 
from human Lymphocytes' 
cited in the application 
see page 1142 



1, I January 1994 



GENOMICS, 
vol. 19, no. 

v'^ALKAr' ET AL :Clon]ng J^fJ" 

gene for Macrophage Migration Inhibitory 
Factor (MIF)' 
see the whole document 

BIOCHEMISTRY, ^ 

vol. 33, no. 47. 29 November 1994 EASTOM. 

PA US, 

pages 14144-14155, 
J. BERNHAGEN ET AL •Purification 
.bioactlvity. and secondary structure 
analysis of mouse and human Macrophage 
Migration Inhibitory Factor (M F) 
see page 14145, right coluim, line 14 - 
cage 14146, left column, line 30 
see page 14147. right coluim 
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MEDICAL RESEARCH) 24 November 1994 
see page 64 - page 67. nne 11 
see example 7 -« i 

see page 54. line 30 - page 58. line 3 ■ 



vol 365. 21 October 1993 LONDON 
pages 756-759, 

J. BERNHAGEN ET AL MIF is a 
pituitary-derived cytokine that 
potentiates lethal endotoxaeima 
cited In the application 
see page 757 
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